Summary. Diurnal profiles of total and lipoprotein cholesterol and triglycerides were measured in 11 insulin-dependent diabetic subjects without retinopathy, 10 with background and 10 with proliferative retinopathy. The groups were closely matched for age and duration of diabetes. Total cholesterol levels were higher in patients with proliferative (5.6_+ 0.5mmol/1) than background (5.1 + 0.7mmol/1) or no retinopathy (4.6_+ 0.8mmol/1, trend test; p < 0.003), due to raised levels of low density lipoprotein (LDL) cholesterol (3.8 _+ 0.9, 3.2 + 0.6 and 2.8 + 0.8mmol/1 respectively; p < 0.02). High density lipoprotein (HDL) levels were similar in patients with and without retinopathy and HDL/ LDL ratios were lower with more severe retinopathy (p < 0.025). Cholesterol levels were similar in diabetic subjects without retinopathy and in 12 normal subjects. Triglyceride levels were not related to retinopathy and no measure of plasma lipids correlated with HbA~ or 24-h mean plasma glucose. Total and LDL cholesterol were weakly inversely correlated with creatinine clearance but the association with retinopathy was independent of this effect.
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Abnormal levels of plasma lipids and lipoproteins are found in many diabetic patients and relate to blood glucose control in insulin-dependent diabetes [14] . Higher levels of lipids have been found in patients with retinopathy than in those without [1, , suggesting that they may play a part in its development, but other workers have been unable to confirm this relationship [11] [12] [13] [14] [15] [16] . These discrepancies may have been due to inadequate matching of patient groups for age and treatment type and failure to take into account the effect of renal impairment on plasma lipids [11. There is significant diurnal variation of plasma cholesterol in diabetic subjects [17, 18] which might also obscure such an association. In this study diurnal profiles of cholesterol and its lipoprotein fractions and triglycerides were measured in matched groups of insulin-dependent diabetic patients with different grades of severity of retinopathy and in non-diabetic subjects.
Patients and Methods
Thirty-one male insulin treated diabetic patients, all of whom had developed diabetes before the age of 36 years, were recruited from medical and ophthalmic clinics and gave written consent to take part in the study. Eleven had no retinopathy on ophthalmoscopy and either no retinopathy or less than five microaneurysms in a standard 13 ~ macular-based field on fluorescein angiography. Ten had definite background retinopathy (haemorrhages with or without exudates) on ophthalmoscopy, but no new vessels on fluorescein angiography and 10 had severe proliferative retinopathy requiring photocoagulation. Patients with advanced nephropathy (plasma creatinine > 175 [xmol/1) or intermittent claudication were excluded; one patient with proliferative retinopathy had angina but no other patient had symptoms or cardiographic evidence ofischaemic heart disease and no patient had more than one absent foot pulse. The groups were matched as closely as possible for age, duration of diabetes and percentage ideal body weight [19] . The patients had all been prescribed a conventional diabetic diet with 40%-50% of dietary calories taken as carbohydrate; no specific advice had been given for them to take polyunsaturated fats in preference to animal fats or to increase the dietary content of fibre. Twelve healthy male non-diabetic subjects were also studied, similar in age and body weight to the diabetic patients.
The patients were admitted at 17.30 h for a 24 h metabolic profile. A Teflon cannula was placed in a forearm vein under local anaesthesia and kept patent by flushing with small volumes of saline solution. The patients were given a diet as close as possible to their home diet, insulin doses were given as usual in relation to meals and they were encouraged to take light exercise during the 24 h period. Blood was taken with minimal occlusion at 17.30, 0012-186X/82/0022/0167/$01.00 Fasting blood was taken for HbA~ assay. Samples were taken hourly during the day and 2-hourly overnight for glucose estimation and a 24 h urine collection taken for measurement of protein and creatinine clearance. Glucose was determined by glucose oxidase (GOD Perid Kit, Boehringer Corporation, Mannheim FRG) and triglycerides by enzymatic hydrolysis using a kit (Boehringer Corporation) and automated spectrophotometer. Cholesterol was measured with an autoanalyser (Technicon AA1) and cholesterol in the lipoprotein fractions by standard precipitation techniques as described previously [18] . HbA~ was measured by column chromatography [20] (normal range: 5.1%-8.6%). Creatinine was measured by multichannel analyser (Vickers M300).
From the 10 measurements of triglycerides, total cholesterol and lipoprotein cholesterol on each patient, individual mean values were calculated. The 24 h plasma glucose areas (mmol 1-1 min -~) were computed from the plasma glucose levels using linear interpolation between assay results and mean plasma glucose levels (mmol/l) were calculated by dividing by the time base. Statistical analysis was by permutational test for trend, Mann-Whitney U test and linear correlation analysis. Results are given as mean • SD.
Results
Clinical details of all subjects, mean HbA1 and mean plasma glucose levels are shown in Table 1 . Mean HbA1 was higher in all patients with retinopathy than those without (p < 0.025), but there were no significant differences in plasma glucose.
Cholesterol and triglyceride results are shown in Table 2 . Mean total plasma cholesterol increased with the severity of retinopathy (p < 0.003, trend test). A similar trend was seen in LDL cholesterol (p < 0.02, trend test), but HDL cholesterol levels were similar in all groups. The ratio of HDL to LDL cholesterol was therefore lowest in patients with proliferative and highest in those with no retinopathy (p < 0.025, trend test). Mean triglyceride levels were similar in all groups. There were no differences between the patients without retinopathy and control subjects. There was no significant correlation in the diabetic subjects between any lipid measurement and age, duration of diabetes, percentage ideal body weight, diastolic blood pressure, HbA~ or mean plasma glucose.
Renal function in the patient groups is shown in Table 3 . Mean creatinine clearance was lowest and the prevalence of significant proteinuria highest in patients with proliferative retinopathy. There was a weak, but statistically significant inverse correlation between creatinine clearance and total cholesterol (y= -0.014 x + 6.5 where y is cholesterol and x is creatinine clearance; r = -0.44, n = 30, p < 0.05) and LDL cholesterol (y = -0.012x + 4.5 where y is LDL and x is creatinine clearance; r = -0.34, n = 30, p = 0.05). Although these relationships were weak, they tended to bias the results of the study, therefore the regression equations were used to adjust total and LDL cholesterol to a standard creatinine clearance of 100ml/min. The mean adjusted values are shown in Table 3 ; the trend towards higher cholesterol with increasing severity of retinopathy remained statistically significant following this adjustment.
Discussion
These findings suggest that raised levels of LDL cholesterol, or a reduced ratio of HDL to LDL cholesterol, might play a part in the pathogenesis of diabetic retinopathy. However, proof could only come from a prospective study since disturbed lipid metabolism might be a consequence rather than a cause of microangiopathy. The minor clinical differences between groups are unlikely to have influenced the results significantly since neither diabetes duration, body weight nor blood pressure correlated significantly with cholesterol concentrations. Renal impairment, which is common in diabetic patients with retinopathy [21] , tended to increase cholesterol levels. However, LDL cholesterol remained significantly correlated with retinopathy despite adjustment to a standard creatinine clearance. It seems improbable that the association between cholesterol and retinopathy was secondary to the minor differences in diabetic control: poor diabetic control is associated more with hypertriglyceridaemia and hypercholesterolaemia [4] , and there was no correlation between lipid concentrations and levels of HbA~ or glucose. It is perhaps surprising that we did not find a relationship between control and triglyceride concentrations. The degree of hyperglycaemia in these patients may not have been sufficient to alter levels appreciably.
The relationship between plasma lipids and retinopathy has practical importance since lipid-lowering agents might be beneficial for retinopathy. Most clinical trials studied patients with severe exudative retinopathy and showed no effect on visual prognosis [14, 17, [22] [23] [24] [25] . One report suggested that a diet rich in polyunsaturated fats delayed the progression of retinopathy [26] , but the criteria for progression and the extent of the difference between groups were not stated. The role of cholesterol in the pathogenesis of retinopathy deserves further study. Lipid-lowering at an early stage of diabetes might delay or prevent the progression of microangiopathy.
